CD47 functions as a marker of ''self'' by inhibiting phagocytosis of autologous cells. CD47 has been shown to be overexpressed by various tumor types as a means of escaping the antitumor immune response. The goal of this research was to investigate the utility of CD47 imaging using positron emission tomography (PET) in both human xenograft and murine allograft tumor models. Anti-CD47
), also known as integrin-associated protein (IAP), is a widely expressed transmembrane protein characterized by its physical and functional association with multiple binding partners. Among them are thrombospondin-1 (TSP1); signal-regulatory protein alpha (SIRPa, CD172a); the integrin family members a v b 3 , a IIb b 3 ; and several beta 1 and beta 2 integrins. 1 As a result, CD47 has been shown to participate in cellular processes such as apoptosis, proliferation, adhesion, and migration. In particular, CD47 functions as a marker of ''self'' by inhibiting phagocytosis of autologous cells through interaction with SIRPa expressed by professional phagocytes, such as macrophages ( Figure 1B ). 2 SIRPa engagement by CD47 initiates a signaling cascade through an immunoreceptor tyrosine-based inhibitory motif (ITIM) present on the cytoplasmic portion of the SIRPa molecule that results in the inhibition of phagocytosis. Inversely, loss of CD47 expression, for example, by aged or damaged cells, removes the inhibitory signal and leads to clearance of these cells by phagocytes. Consequently, blocking the interaction of CD47 with SIRPa, for example, with anti-CD47 antibodies, removes the inhibitory signal and promotes phagocytosis. It has been shown that one of the mechanisms of cancer cell survival is the evasion of the immunosurveillance by phagocytic cells through overexpression of CD47. [3] [4] [5] As early as 1992, Rosales and colleagues showed that myeloid cell lines HL-60 (human promyelocytic leukemia) and U937 (human histiocytic lymphoma) expressed up to fivefold more CD47 molecules than differentiated myeloid cells such as neutrophils and monocytes. 6 More recently, CD47 overexpression was demonstrated on a number of hematologic malignancies, 7, 8 as well as solid tumors. 3 Since a variety of tumors show increased expression of CD47 as a means of escaping phagocytosis, detecting such overexpression may be useful for cancer detection, diagnosis, and patient stratification for anti-CD47 therapies. Concurrently masking CD47 to promote phagocytosis of cancer cells and eliciting an adaptive immune response through direct antibodydependent cellular cytotoxicity (ADCC) may provide an effective therapeutic strategy. [9] [10] [11] Furthermore, the magnitude of CD47 expression could be used as a prognostic marker for recurrence and metastasis in human breast cancer, 12 as well as the aggressiveness of some leukemias. 13 Together, the available data support the evaluation of CD47 as a target candidate for imaging and treatment of primary tumors and their metastatic dissemination. A number of monoclonal antibodies against both murine and human CD47 have been evaluated for their biochemical characteristics and ability to modulate the biological effects of CD47. 1, 14, 15 B6H12 is a mouse monoclonal antibody that recognizes the extracellular domain of human CD47 and has a binding affinity (K d ) of 6 to 16 nM at 37uC. 6 This antibody inhibits the migration and proliferation effects of CD47. 16 Most importantly, B6H12 blocks SIRPa-CD47 binding and, therefore, inhibits the antiphagocytic signal transduced by this interaction. 1 CD47 is not a biomarker unique to cancer but, rather, an overexpressed one. As a result, normally expressed CD47 will contribute to the signal obtained by positron emission tomography (PET)-a common problem in molecular imaging of overexpressed targets. Therefore, the background effect of normally expressed CD47 on the signal to noise characteristics of PET images of CD47-overexpressing tumors needs to be evaluated in an allograft tumor model. For this purpose, we selected a rat monoclonal antibody that binds to the extracellular domain of mouse CD47 (aM-CD47) with Kd of 2 nM (W.A. Frazier, unpublished data, 2011). The PET signal obtained with this antibody will be a combination of normally expressed in tissues and tumor-associated CD47.
In addition, aM-CD47 cross-reacts with CD47 of human origin. This presents an intriguing opportunity for developing an experimental system that would allow for the evaluation of biomarkers in xenograft and allograft settings using the same tracer. 22 and bevacizumab (Avastin, Genentech) for imaging of vascular endothelial growth factor (VEGF). 23 Together, available data provide strong evidence that 89 Zr is the radionuclide of choice for pairing with an intact antibody.
ImmunoPET technology, the use of radiolabeled antibodies as PET imaging agents, is a promising new tool in oncology. [24] [25] [26] In recent years, efforts in the development of state-of-the-art PET/computed tomographic (CT) instrumentation, the production of chemically pure radionuclides with longer half-lives better matched to the pharmacodynamics of antibodies, and synthesis of improved chelates for radiometal chemistry have led to significant improvements in tracer sensitivity and hence image quality of these compounds. At the same time, more than 20 monoclonal antibodies have been approved for clinical use as anticancer agents, whereas over 200 new antibodies are being investigated for their therapeutic potential. 27 Nanomolar affinities for antigens and welldeveloped methodology for generation and large-scale manufacturing of antibodies with various modifications, Figure 1 . A, Schematic representation of the structure of CD47. The extracellular region is a glycosylated IgV domain containing a conserved disulfide linker between C23 and C96. 40 B, CD47 functions as a marker of ''self'' by activating the SIRPa phagocytosis-inhibiting signaling cascade.
such as fragmentation, interspecies chimera construction, and partial or full humanization, make antibodies well suited to be used as imaging agents. 28 Importantly, antibody-based radiopharmaceuticals allow single-patient determination of target abundance, thus providing the necessary information for therapy design and/or modifications in a clinical setting. Therefore, developing new cancer pathology-relevant target-tracer combinations is a worthwhile endeavor.
Herein we describe an in vivo evaluation of CD47 as a ubiquitous cancer immunoPET imaging biomarker. We employed xenograft (human OV10 ovarian carcinoma) and allograft (murine B16F10 melanoma) models and complementary 89 Zr-labeled anti-CD47 antibodies, B6H12 and aM-CD47, to investigate the specificity and imaging robustness of this tracer-target pair. These data complement the emerging new evidence, which illustrates the possibility of using CD47 as an immunotherapy target and supports future work to establish 89 Zr-labeled anti-CD47 antibodies as radiopharmaceuticals for detection, staging, and therapy monitoring of various malignancies, as well as for optimization of patient selection to maximize the effectiveness of CD47 targeted therapies.
Materials and Methods

Reagents
All experiments involving the use of radioactive materials at Washington University are conducted under the authorization of the Radiation Safety Committee in accordance with the university's Nuclear Regulatory Commission license. Activity was determined with a Capintec CRC-25 Dose Calibrator calibrated to a factor of 465 for 89 Zr (Capintec, Ramsey, NJ). Cell lines were purchased from ATCC (Manassas, VA) unless specified otherwise. All chemicals were purchased from SigmaAldrich (St. Louis, MO) unless otherwise specified, and all solutions were prepared using ultrapure water with 18 MV-cm resistivity produced by a Millipore Integral 5 water purification system (Millipore, Billerica, MA).
Cell Lines and Anti-CD47 Antibodies
OV10 is a CD47-deficient clone of the human ovarian carcinoma parental cell line OVM1. 16 This clone was stably transfected with the most commonly expressed CD47 splice variant 2 and a complementary deoxyribonucleic acid (cDNA) coding for the human CD61 (b 3 ) monomer. The CD61 monomer forms a heterodimer with CD51 (a v ) and is expressed as the a v b 3 integrin. The vector control that expresses a v b 3 without CD47 was also generated. 29 The allogeneic tumor cell line, B16F10 murine melanoma, was used in combination with an antibody against murine CD47.
30 4T1 murine mammary carcinoma and murine Lewis lung carcinoma were used in the immunophenotyping studies. Cell lines were maintained in complete media consisting of Iscove's Modified Dulbecco's Medium (IMDM) (Life Technologies, Grand Island, NY) supplemented with 10% fetal bovine serum and 50 mg/mL of gentamicin (Life Technologies). Doubly transfected OV10 cells were supplemented with 400 mg/mL of Geneticin and 100 mg/mL of Hygromycin, whereas single transfectants received either 400 mg/mL of Geneticin or 200 mg/mL of Hygromycin. All cells were routinely passaged by detachment with 5 mL of 0.05% trypsin/ethylenediamine tetraacetic acid (EDTA) (500 mg/mL trypsin, 200 mg/mL EDTA) (Life Technologies) and replating 1/100 of the suspension volume. B6H12 (IgG 1 ) is a mouse monoclonal antibody against the extracellular domain of human CD47.
6,31 aM-CD47 was raised against human placental CD47 in CD47-deficient mice. 30 It competes with the antihuman monoclonal antibody B6H12 and thus shares a similar/overlapping epitope; however, this antibody also binds to rodent CD47 with an apparent Kd of approximately 2 nM (Frazier, unpublished data, 2011). 30 
Animal Models
Athymic nu/nu and C57Bl-6 5-week-old female mice were purchased from Charles River Laboratories (Wilmington, MA) and housed under pathogen-free conditions in an approved facility according to the guidelines of the Division of Comparative Medicine and the Animal Studies Committee of Washington University School of Medicine (WUMS). All animals were routinely acclimated to the WUMS animal facility environment prior to studies and fed ad libitum. Athymic mice were implanted subcutaneously (flank) with 5 3 10 6 CD47 + or 10 3 10 6 CD47 2 OV10 cells suspended in 100 mL of saline. C57Bl-6 mice (15-18 g) were implanted subcutaneously (flank) with 2 3 10 6 B16F10 (CD47 + ) murine melanoma cells suspended in 100 mL of saline. Animals developed tumors averaging 150 to 200 mm 3 14 days from the time of implantation to the initiation of the imaging studies. and separated via ion exchange chromatography as previously described, 32, 33 with a resulting specific activity of 22 to 134 mCi/mmol).
Radiolabeling of Antibodies
89
Zr labeling was performed according to previously published methods. 20 Briefly, anti-CD47 antibodies (. 5 mg/mL) were conjugated to isothiocyanatobenzyldesferrioxamine-NCS (Df-Bz-NCS) (Macrocyclics, Dallas, TX) maintained as 5 mg/mL stock in dimethyl sulfoxide. The antibody to chelator ratio was 1:20 in total reaction volume of 300 mL. The reaction was allowed to occur for 1 hour at 37uC in the presence of 0.1 M sodium carbonate buffer (pH 9). The unreacted chelate was removed by dialysis (10,000 MW cutoff mini dialysis units, Thermo Fisher Scientific, Rockford, IL) in three changes of 1 L phosphate-buffered saline (PBS). The Ab-Df-Bz-NCS conjugate was combined with 89 Zr oxalate at a 1 mg/mCi ratio and a pH of 7.1. The mixture was incubated for 1 hour at 37uC. The labeling efficiency was confirmed by radio-TLC on C-18 plates with 50 mM diethylenetriaminepentaacetic acid (DTPA) eluent solvent and a Bioscan AR-2000 radio-TLC scanner equipped with a 10% methane/argon gas supply. The 89 Zr-labeled antibody remained at the baseline (Rf 5 0), whereas free 89 Zr moved with the solvent front. The specific activity obtained was 0.9 to 1.6 mCi/mg with labeling efficiency of 98 to 100%; therefore, the compounds were used with no further purification.
In Vitro Cell Binding
CD47
+ and CD47 2 OV10 cells were grown to < 50% confluency on six-well tissue culture plates and incubated with 1 to 2 mCi (0.5 mg) of radiolabeled antibody in 500 mL of complete media for 35 minutes in humidified atmosphere supplemented with 5% CO 2 at 37uC. Unbound antibody was removed by washing cells three times with PBS. Cells were then solubilized in PBS containing 0.1% sodium dodecyl sulfate, the lysate was transferred to microfuge tubes, and cell-associated activity was detected with a gamma-counter. Protein content was measured with the bicinchoninic acid assay (Thermo Fisher Scientific), and the data were expressed as counts per milligram of protein.
In Vivo Biodistribution
Biodistribution studies were conducted immediately after 3-, 5-, or 7-day PET/CT imaging studies (n 5 6 for each time point). Briefly, 50 mCi 89 Zr-Df-Bz-NCS-anti-CD47
antibodies were injected via the tail vein. Animals (n 5 3 for each condition) were sacrificed at selected time points postinjection, organs of interest were harvested and weighed, and the associated radioactivity was determined on a gamma-counter. After correcting for background and decay, the percent injected dose per gram (%ID/g) and percent injected dose per organ (%ID/organ) were calculated by comparison with a weighed, counted standard. 
Small-Animal PET/CT Imaging
Prior to imaging, mice (n 5 3 for each condition) were injected intravenously (tail vein) with 40 to 70 mCi of either 89 Zr-Df-Bz-NCS-B6H12 or 89 Zr-Df-Bz-NCS-aM-CD47. At 72, 120, or 168 hours, postinjection mice were anesthetized with 1 to 2% isoflurane and imaged with an Inveon small-animal PET/CT scanner (Siemens Medical Solutions, Knoxville, TN). Static images were collected for 20 minutes and reconstructed with the maximum a posteriori probability algorithm 34 followed by coregistration with the Inveon Research Workstation (IRW) image display software (Siemens Medical Solutions). Regions of interest (ROI) were selected from PET images using CT anatomic guidelines, and the activity was determined with IRW software. Maximum standardized uptake values (SUVs) were determined as nCi/cc 3 animal weight/ injected dose.
Statistical Analysis
Data are expressed as mean 6 SD unless noted otherwise. Statistical significance was determined with unpaired, twotailed Student t-test and 95% confidence level, and p values less than .05 were considered significant. All data were analyzed and plotted using GraphPad Prism version 5.0 (GraphPad Software, La Jolla, CA).
Results
Anti-CD47 Antibodies Are Efficiently Coupled to Df-Bz-NCS and Labeled with 89 Zr
Anti-CD47 antibodies were conjugated to Df-Bz-NCS as described in the Methods section. After purification, the Ab-Df-Bz conjugate was labeled with 89 Zr, resulting in a specific activity of 0.9 to 1.6 mCi/mg and radiochemical purity of 98.2 6 1.3%.
89 Zr-Df-Bz-NCS-B6H12 Retained Specificity for CD47
To establish the conjugated antibodies that retained specificity for CD47, binding studies were conducted. CD47 + and CD47 2 OV10 human ovarian carcinoma clones were immunophenotyped to confirm either the presence or absence of CD47. As detailed in the Methods section, the cells were harvested and stained, in succession, with B6H12 and a FITC-conjugated goat antimouse secondary antibody. The cell-associated fluorescence, indicative of the expression of CD47, was analyzed with a flow cytometer. As expected, CD47 expression was limited to the CD47 + clone (Figure 2A + cells ( Figure 2B ). Therefore, 89 Zr-labeled antibody-chelator conjugate retained specificity for CD47.
Biodistribution of 89 Zr-Df-Bz-NCS-B6H12 Demonstrated Significant Tracer Accumulation in Xenograft Tumor Tissues
The in vivo pharmacokinetic characteristics and tumortargeting efficiency of 89 Zr-Df-Bz-NCS-B6H12 were investigated by performing biodistribution studies in mice bearing OV10 subcutaneous xenografts 168 hours after tracer administration. OV10 cells positive and negative for CD47 were implanted subcutaneously into the flanks of athymic mice and allowed to form small tumors. 89 Zr-DfBz-NCS-B6H12 was prepared as described in the Methods section and administered systemically through the tail vein at 50 mCi per animal (25-40 mg of antibody). The results of these studies are summarized in Figure 3A . Analysis of tumor-associated activity revealed a significant 2.8 6 0.8-fold (mean 6 SEM) increase in accumulation of 89 ZrDf-Bz-NCS-B6H12 in the CD47 + tumor tissue compared to the CD47 2 tissue, 4.92 6 0.48 %ID/g and 2.08 6 0.6 %ID/g (mean 6 SEM), respectively (p , .05). Nontarget and clearance organs, including the liver, lung, spleen, and kidney, retained similar amounts of the tracer in animals bearing both CD47 + and CD47 2 xenografts. In animals bearing CD47 2 xenografts, comparison of tumor-associated activity to that remaining in circulation revealed that the activity associated with tumors can be attributed to the tracer present in circulation, 2.08 6 0.85 %ID/g and 2.7 6 0.67 %ID/g, respectively. As expected, a relatively high amount of tracer was associated with the liver, 4.77
) and 4.48 6 0.57 %ID/g (CD47 + ), the major clearance organ for antibody-based radiopharmaceuticals. In animals bearing CD47 + or CD47 2 tumors, activity detected in lung, spleen, and kidney, 1. Zr-radiolabeled anti-CD47 antibody B6H12 specifically targets CD47 tumor xenografts and demonstrates predictable distribution to nontarget and clearance organs, thus supporting the feasibility of using CD47 as an imaging target.
Quantification of Small-Animal PET/CT Images Shows Significant 89 Zr-Df-Bz-NCS-B6H12 Accumulation in the Xenograft Tumor Tissue
Small-animal PET/CT imaging was performed to evaluate the ability of 89 Zr-Df-Bz-NCS-B6H12 to image tumor xenografts in a specific manner. For this purpose, a cohort of athymic mice was implanted with CD47 + or CD47 Figure 3B ). Interestingly, detectable amounts of activity were present in the periarticular bone tissue of both CD47 + and CD47 2 xenograft-bearing mice, likely due to the apparent bone tropism of free 89 Zr following demetallation of the DFO complex. Activity associated with the liver was consistent with previously reported patterns of antibody-based tracer distribution and clearance. 19, 20, 35 Quantification of the images presented in Figure 3C showed that CD47 + tumors yielded an SUV of 2.87 6 0.1 at 72 hours after tracer administration, which consequently increased to 8.02 6 0.53 (mean 6 SEM) after 168 hours. CD47 at 72 hours, p , .05 at 168 hours). Taken together, these data demonstrate effective imaging characteristics of 89 Zrlabeled anti-CD47 immunoPET tracers for imaging of CD47-overexpressing malignancies.
Biodistribution of 89 Zr-Df-Bz-NCS-aM-CD47 Demonstrated Specific Tracer Accumulation in Allograft Tumor Tissues
To evaluate a more realistic scenario in which substantial background expression of CD47 would contribute to the PET image, the in vivo target and nontarget/clearance organ distribution of 89 Zr-Df-Bz-NCS-aM-CD47 was evaluated in B16F10 allograft-bearing mice. One of the challenges to investigating the biodistribution of monoclonal antibodies in mouse and other animal models is the lack of human protein in normal tissues. This model allowed examination of the tracer's systemic distribution and uptake by the target receptor-overexpressing tumor in the context of endogenously expressed receptor. Immunophenotyping of B16F10 murine melanoma revealed that its expression of CD47 was about 1.5 times higher than that of the OV10 human ovarian carcinoma (Figure 4) . Allograft-bearing mice were injected with 50 mCi 89 Zr-DfBz-NCS-aM-CD47 antibody via the tail vein and sacrificed at 72 or 168 hours. The biodistribution of 89 Zr-Df-Bz-NCS-aM-CD47 is presented in Figure 5 . The tracer accumulated in the clearance organs, with the liver retaining 19.8 6 3.2 %ID/g and 15.4 6 2.5 %ID/g at 72 hours and 168 hours after administration, respectively, whereas the kidneys retained 8.7 6 0.7 %ID/g and 15.9 6 2.2 %ID/g at 72 hours and 172 hours after administration, respectively. The spleen and bone retained significant amounts of the tracer at both time points, 12.5 6 5.1 %ID/g (72 hours) and 21.6 6 3.9 %ID/g (168 hours) for the spleen and 2.5 6 0.7 %ID/g (72 hours) and 3.0 6 0.9%ID/g (168 hours) for the bone, which may be indicative of an immune response to the Fc portion of the antibody molecule (see Figure 5A) . 36 The tracer activity in the tumor was higher than that in the circulation, with tumor to blood ratios of 1.67 6 0.19 at 72 hours and 2.91 6 1.01 at 168 hours, showing a 1.7-fold increase in retention with time (see Figure 5B ). Of note, the tumorassociated activity decreased from 0.76 6 0.35 at 72 hours postinjection to 0.37 6 0.17 at 168 hours postinjection. Overall, these data suggest that the 89 Zr-Df-Bz-NCS-aM-CD47 distribution in tissues of the allograft model was altered to that of the xenograft model. The tracer retention in the liver (p , .05), spleen (p , .05), and kidneys (p , .05) of tumor-bearing animals was significantly higher in the allograft-bearing animals, suggesting uptake mediated by the CD47 normally expressed throughout the reticular endothelial system (RES). Zr-Df-Bz-NCS-aM-CD47 was retained similarly in the tumor allograft and xenograft models, with an SUV of 2.36 6 0.61 and 2.87 6 0.1 (mean 6 SEM) SUV in allograft and xenograft, respectively (p 5 .515) ( Figure 6B ). Comparison of mean tumor to muscle ratios demonstrated no significant difference between allograft and xenograft tumors, 4.507 6 1.18 and 4.782 6 0.6224 (mean 6 SEM), respectively (p 5 .8609) ( Figure 6C ). Overall, these data suggest that the normally expressed CD47 does not significantly affect the tumor uptake quantification obtained with 89 Zr-labeled anti-CD47 alloantibody. However, although the tumor to muscle ratio in the xenograft and allograft models was similar, substantial uptake in the liver, spleen, and kidneys might affect the unmodified tracer's diagnostic value for tumors localized in or around these organs.
Quantification of Preclinical
Discussion
Herein we examine the feasibility of using CD47 as an immunoPET imaging target with potential applications in prescreening, diagnostics, staging, and therapy of hematologic and solid tumor malignancies. CD47 is a widely expressed transmembrane receptor belonging to the Ig superfamily. Its direct interaction with SIRPa expressed by myeloid cells results in inhibition of phagocytic clearance of autologous cells by professional phagocytes. 37 Overexpression of CD47 by various cancer cell types has been demonstrated to be a survival strategy used by poorly differentiated cancer cells aimed at phagocytosis avoidance. 9, 37 To date, a number of Figure 5 . A, Distribution of 89 Zr-aM-CD47 radiotracer in C57Bl-6 mice bearing B16F10 allograft tumors 72 and 168 hours after tracer administration. B, Tumor to blood ratios calculated from the biodistribution data presented in (A) show progressive increase in tracer retention.
Imaging of CD47
malignancies have been shown to be responsive to treatment with an anti-CD47 antibody, B6H12.
3,5,7-10 To our knowledge, this study is the first attempt to evaluate CD47 as a diagnostic biomarker. Binding of immobilized Ad22, B6H12, or 1F7 monoclonal antibodies to CD47 has been shown to induce caspase-independent apoptosis of several leukemia cell lines. 38 This type of apoptosis does not require activation of the caspase cascade; instead, it involves the disruption of the mitochondrial membrane potential (DY) and the production of reactive oxygen species. Of the anti-CD47 antibodies, B6H12 has been shown to block CD47 on human cells, resulting in phagocytosis of the CD47-expressing cells by macrophages. 2 Moreover, a number of hematologic and solid tumors were shown to overexpress CD47 as a means of phagocytosis avoidance, suggesting that blocking tumor cells' CD47 with B6H12 may cause tumor regression through enhanced phagocytosis by tissue macrophages. Thus, B6H12 would appear to be a good candidate to explore the suitability of CD47 as a cancer immunoPET biomarker and for characterizing potential CD47 targeted therapies.
3,39
89 Zr-DFO-B6H12 binds specifically to the ovarian carcinoma cell line OV10. Biodistribution studies in xenograft animal models demonstrated specific uptake in the tumor tissue, whereas significant liver uptake could be attributed to the clearance pattern of intact antibody tracers described in a number of studies. [18] [19] [20] The tracer uptake observed in nontarget clearance organs (spleen and kidney) is similar to that of the blood, suggesting that the detected activity may be attributed to the circulation of 89 Zr-DFO-B6H12. Of note, 89 Zr-DFO-B6H12 was taken up by the bone tissue with apparent specificity (see Figure 3A) . and although it has been suggested that the 89 Zr species might be absorbed by the bone matrix, it is possible that, additionally, in cases of intact ''unmodified'' antibodies, a significant amount of the tracer is taken up by lymphocytes of the RES, including liver, spleen, and bone marrow, expressing Fc receptor family members. 36 The accumulation in the bone is likely the result of a combination of these factors. The specificity of 89 Zr-DFO-B6H12 was also evident from the preclinical PET imaging studies performed where SUV for the CD47 + positive tumor tissues was two-to fourfold higher than that for the CD47 2 tumor tissues. Although the data obtained from the xenograft studies suggested that 89 Zr-DFO-B6H12 would provide the required sensitivity for imaging of CD47, this is not optimal for the evaluation of an overexpressed, not a unique, target. Even with sequence modifications designed to minimize the tracer recognition by the recipient's Fc receptors, the endogenous target would create some degree of systemic uptake. To evaluate the contribution of systemic uptake, we employed an allograft animal model combined with an antibody against murine CD47. As can be seen from the biodistribution data, the B16F10 allograft retained twofold more 89 Zr-DFO-anti-mouse CD47 than was present in the circulation 78 and 168 hours after the dose administration. However, a significant amount of 89 Zr-DFO-antimouse CD47 was taken up by the liver, spleen, kidneys, and bone, indicating potential uptake by the cells of RES, which would lead to difficulties with image quantification in these areas. At the same time, although the endogenous CD47 expression was shown to be present in all tissues, little uptake was seen outside the RES organs and the tumor. This finding was reflected in the data obtained from preclinical PET imaging studies, where the MIP showed significant uptake in the RES and tumor tissues. These data suggest that tracer modification, such as removal of the Fc portion of the antibody, may be required to improve the imaging characteristics of B6H12. However, this modification may potentially diminish the ability of B6H12 to elicit an antitumor immune response. Overall, although the xenograft model demonstrated good selectivity of the tracer, the allograft model showed the necessity for tracer modification.
Conclusion
We successfully labeled antihuman and antimouse antibodies against CD47 with 89 Zr and employed them to evaluate CD47 as a PET imaging target in xenograft and allograft cancer animal models. PET image quantification demonstrated specific and similar tracer uptake in both xenograft and allograft tumors overexpressing CD47. Overall, CD47 imaging is feasible, warranting further studies and immunoPET tracer development.
